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Commissioner for Patents 
Washington, D.C. 20231 



PRELIMINARY AMENDMENT 



SIR: 



Kindly amend the above-identified application 
before examination, as set forth below. 



IN THE TITLE ; 

Please replace the title with the following: 
--FUEL INJECTOR- - . 



IN THE SPECIFICATION ; 

Please amend the specification, including abstract, 
pursuant to the attached substitute specification. Also 
attached is a marked up copy of the specification, indicating 
deleted and added sections. No new matter has been added. 

«\ 

IN THE CLAIMS ; 

Please cancel claims 1-9, without prejudice. 



Please add the following new claims: 



10. (New) A fuel injector, comprising: 
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an actuator, the actuator being one of a 
piezoelectric actuator or a magnetostrictive actuator; 

a valve closing element, the actuator configured to 
actuate the valve closing element, the valve closing 
element acting together with a valve seat face to form a 
seal seat ; and 

a temperature compensation device including a 
housing that is elastically deformable along a direction 
of actuation of the actuator, the temperature 
compensation device further including at least one 
throttle that connects an interior space of the housing 
with a fuel inlet of the fuel injector, a cross-section 
of the throttle being dimensioned so that entry and exit 
of fuel into the housing is enabled when there is a 
temperature-caused change in length of components of the 
fuel injector. 

11. (New) The fuel injector according to claim 10, wherein 
the fuel injector is configured for a fuel injection system 
of an internal combustion engine. 

12. (New) The fuel injector according to claim 10, wherein 
the housing of the temperature compensation device includes a 
first pressure plate and a second pressure plate, the first 
pressure plate and the second pressure plate being oriented 
at least approximately perpendicular to the direction of 
actuation of the actuator. 

13. (New) The fuel injector according to claim 12, wherein 
the housing of the temperature compensation device includes 
an elastic casing, ends of the elastic casing being connected 
with the first pressure plate and the second pressure plate. 

14. (New) The fuel injector according to claim 13, wherein 
the casing one of: i) includes multiple folds, or ii) is wave 
shaped. 
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15. " (New) The fuel injector according to claim 12, wherein 
a face of the actuator is adjacent to a bearing surface of 
the first pressure plate. 

16. (New) The fuel injector according to claim 10, wherein 
the throttle is formed by an opening in the housing of the 
temperature compensation device. 

17. (New) The fuel injector according to claim 16, wherein 
the opening is provided in the second pressure plate. 

18. (New) The fuel injector according to claim 10, wherein 
the actuator is configured to act on the valve closing 
element via the temperature compensation device. 

19. (New) The fuel injector according to claim 10, wherein 
the temperature compensation device includes a return spring 
situated in the interior space of the temperature 
compensation device. 

REMARKS 

This Preliminary Amendment cancels, without 
prejudice, claims 1-9 and adds new claims 10-19. The new 
claims conform the claims to the U.S. Patent- and Trademark 
Office rules and does not add new matter to the application. 

The amendments to the specification and abstract 
reflected in the substitute specification are to conform the 
specification and abstract to U.S. Patent and Trademark 
Office rules, and do not introduce new matter into the 
application . 
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It is respectfully submitted that the present 
invention is new, non-obvious, and useful. Prompt 
consideration and allowance of the claims are respectfully 
requested. 



Dated : g J /(^ 1^/ ^ 



Respectfully Submitted, 
KENYON Sc KENTON 





Richard L. Mayer 
Reg. No. 22,490 

One Broadway 

New York, NY 10 0 04 
(212) 425-7200 
(212) 425-5288 

CUSTOMER NO. 2 6 646 



NY01 492440 v 1 



4 




RertWnTPTO 08 JUL2C02 

[10191/2291] 

FUEL INJECTOR 



FIELD OF THE INVENTION 

The present invention relates to a fuel injector. 

BACKGROUND INFORMATION 
5 German Patent No. 195 00 706 describes a fuel injector. A 
stroke translator or path transformer is provided that 
converts a relatively small regulating distance of the 
actuator, for example a piezoactuator, into a larger stroke of 
the valve needle. Here, the extension of the actuator is 

10 introduced into an amplification (boost) chamber via a working 
piston of the stroke translator, and is transmitted via a 
lifting piston to the valve needle, which executes a stroke 
that is enlarged in relation to the piston surface that limits 
the amplification chamber at the face. In order to compensate 

15 temperature influences, wear, and manufacturing tolerances on 
the regulation path of the actuator, the amplification chamber 
has a defined leakage that is realized by an annular gap 
between the piston and a wall of the valve housing, and that 
has a resistance to flow that is high enough that the 

20 movements of the actuator are transmitted in essentially 
undampened fashion to the valve needle. The fuel itself - 
diesel fuel in the case of German Patent No. 195 00 706 - is 
used as the hydraulic medium for the stroke translation. 

25 The fuel injector described in German Patent No. 195 00 706 

has the disadvantage that, in particular at high speeds of the 
internal combustion engine, a high degree of heat loss occurs 
in the area of the annular gap, due to the frictional forces 
that occur when the actuator is actuated. The load and wear of 

3 0 the piston and of the valve housing wall in the area of the 
annular gap have an adverse effect on the functioning of the 
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temperature compensation, and reduce the lifespan of the fuel 
injector. 

Moreover, the conventional temperature compensation device has 
5 a high constructive expense, which increases the manufacturing 
costs of the fuel injector. A further disadvantage is that the 
leakage defined by the annular gap can be modified only by 
modifying the manufacturing process, so that the temperature 
compensation cannot be adapted to the specific requirements of 
10 use of the fuel injector. 



20 



SUMMARY 

The fuel injector according to the example embodiment of the 
present invention has the advantage that it has a wear- free 
15 temperature compensation device that has a simple design, is 
easy to install, and can be applied universally. 

A further advantage is that due to the construction of the 
throttle, in particular the cross-section thereof, the 
temperature compensation device can be easily and economically 



adapted to the specific requirements of a fuel injector. 



In the example embodiment of the present invention, it is 
advantageous that the housing of the temperature compensation 

2 5 device has a first and second pressure plate, the pressure 

plates being oriented at least approximately perpendicular to 
the direction of actuation of the actuator. This provides an 
advantageous transmission of the actuating force of the 
actuator on the valve closing element, which works together 

3 0 with the valve seat face to form the seal seat. 

In the example embodiment of the present invention, it is 
advantageous that the housing of the temperature compensation 
device has an elastic casing, connected at its ends with the 
35 pressure plates. Here it is particularly advantageous that the 
casing is fashioned so as to be multiply folded, or so as to 
have a waved shape. This provides a simple and useful 
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construction of the temperature compensation device. 



Advantageously, in the example embodiment of the present 
invention, one face of the actuator rests on a bearing surface 
5 of the first pressure plate. The direct transmission of force 
of the actuator onto the first pressure plate of the 
temperature compensation device provides a particularly 
advantageous transmission of force. 

10 Advantageously, in the example embodiment of the present 

invention, the throttle is formed by a recess (opening) in the 
housing of the temperature compensation device. This provides 
a low-maintenance, wear-free, and economical construction of 
the throttle of the temperature compensation device. 

15 

In the example embodiment of the present invention, it is 
advantageous that the opening is provided in the second 
pressure plate. Because the second pressure plate is not 
elastically deformed, in this way an at least almost constant 
20 throttling of the throttle is provided. 

In the example embodiment of the present invention, it is 
advantageous that the temperature compensation device has a 
return spring situated in the interior of the temperature 
25 compensation device. In this way, the vacuum unit can be held 
in non-positive contact with the actuator via a spring in the 
interior of the unit, and in addition with, for example, a 
valve needle or a housing of the fuel injector. 



3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention are represented 
in simplified form in the drawings, and are explained in more 
detail in the following specification. 

35 Figure 1 shows an axial section through a first exemplary 
embodiment of the fuel injector according to the present 
invention . 
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Figure 2 shows a second exemplary embodiment of the detail 
designated II in Figure 1. 

Figure 3 shows second pressure plate 22 of the second 
5 exemplary embodiment. 

DETAILED DESCRIPTION 

Figure 1 shows, in a partial axial sectional view, an a fuel 
injector 1 according to an example embodiment of the present 

10 ■ invention. In this example embodiment, fuel injector 1 is 

realized as externally opening fuel injector 1. Fuel injector 
1 is used in particular for the direct injection of fuel, in 
particular gasoline, into a combustion chamber of a mixture- 
compressing, externally ignited internal combustion engine, as 

15 what is known as a gasoline direct injector. The example fuel 
injector 1 is however also suitable for other applications. 

Fuel injector 1 has a valve housing 2 that is shown in a 
simplified view. At the end of fuel injector 1 at the point of 

20 injection, valve housing 2 is connected with a valve seat 
element 3 that has a valve seat face 4 . Valve seat face 4 
works together with a valve closing element 6, which can be 
actuated by a valve needle 5, to form a seal seat. In this 
exemplary embodiment, valve closing element 6 is fashioned in 

25 one part with valve needle 5. Valve needle 5 is connected with 
an intermediate plate 7, on which a closing spring 8 is 
supported. Moreover, intermediate plate 7 enables an 
advantageous transmission of force to valve needle 5. Closing 
spring 8 is supported on the one hand on intermediate plate 7 

3 0 and on the other hand on valve seat element 3; in this way, 

the seal seat formed by valve closing element 6 and valve seat 
face 4 is loaded with a closing force. 



In the interior of fuel injector 1, there is situated a 
35 piezoelectric or magnetostrict ive actuator 10, supported at 

the end of fuel injector 1 opposite the point of injection on 
an interior surface 11 of valve housing 2. Valve housing 2 has 
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a circumferential collar 12 in the interior of fuel injector 
1. Collar 12 has an annular bearing surface 13 on which a pre- 
stress spring 14 is supported, through which actuator 10 is 
loaded with a preliminary stress. 

5 

In addition, valve housing 2 of fuel injector 1 has an opening 
15 that forms a fuel inlet for the flow of fuel into a fuel 
chamber 16 of fuel injector 1. In this exemplary embodiment, 
the fuel inlet is provided laterally on valve housing 2 of 
10 fuel injector 1. 

In the interior of fuel injector 1, a temperature compensation 
device 32 is provided that includes an elastic casing 20, a 
first pressure plate 21, and a second pressure plate 22. Here, 

15 elastic casing 20 is connected with first pressure plate 21 
and with second pressure plate 22, forming a housing 33 of 
temperature compensation device 32. The connection of elastic 
casing 20 with first pressure plate 21 and with second 
pressure plate 22 here seals an interior space 34 (Figure 2) 

2 0 of housing 33 of temperature compensation device 32 against 
fuel chamber 16. 

Housing 33 of temperature compensation device 32 has a 
throttle 35. Throttle 35 can, for example, be formed by an 
25 opening 31 in elastic casing 20 and/or first pressure plate 21 
and/or second pressure plate 22. Throttle 35 can also be 
formed otherwise, for example by a metallic tube, or by 
chambers in the interior of housing 33 of temperature 
compensation device 32. 

30 

Throttle 35 provided in temperature compensation device 32 
connects interior space 34 of housing 33 of temperature 
compensation device 32 with fuel chamber 16 with respect to 
fuel inlet 15, so that an entry and exit of fuel into housing 
35 33 of temperature compensation device 32 is enabled. A 

throttling of the entry and exit of fuel into housing 33 of 
temperature compensation device 32 is set through the cross - 

nyoi 492292V1 5 SUBSTITUTE SPECIFICATION 



A O O ih 9 iM 7- > O 7' O S O-i 



section of throttle 35. Here, the setting of the cross-section 
takes place such that, given a temperature -caused change of 
length of components of fuel injector 1, e.g. of actuator 10 
or valve needle 5, a quasi-static change of length of 
temperature compensation device 32 takes place in order to 
compensate the temperature -caused change in length, and such 
that in addition, . given an actuation of actuator 10, a change 
of length of temperature compensation device 32 is at least 
approximately omitted (stopped) , so that the change of length 
of actuator 10 that took place upon actuation of actuator 10 
is transmitted to valve closing element 6. 

Temperature compensation device 32 thus acts as a mechanical 
high-pass filter whose transmission characteristic can be set 
via the cross-section of throttle 35, this setting taking 
place in such a way that a transmission on the time scale of 
an actuation cycle of fuel injector 1 takes place in at least 
almost undampened fashion. Temperature compensation device 3 2 
of fuel injector 1 can therefore be adapted to various demands 
through the cross-section of throttle 35. 

In order to achieve an advantageous transmission of force of 
actuator 10 to valve closing element 6, one face 25 of 
actuator 10 is adjacent to a bearing surface 26 of first 
pressure plate 21, pressure plate 21 being oriented 
perpendicular to a direction of actuation 23 of actuator 10. 
Moreover, second pressure plate 22 is also oriented 
perpendicular to direction of actuation 23 of actuator 10, so 
that a change of length of actuator 10 in direction of 
actuation 23 effects a valve needle stroke of valve needle 5, 
through which valve closing element 6 is lifted from valve 
seat face 4, and the fuel is injected out of fuel injector 1 
from fuel chamber 16 via the gap that arises between valve 
closing element 6 and valve seat face 4 . 

So that a corresponding enlargement of housing 33 of 
temperature compensation device 32 takes place when there is a 
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temperature-caused change in length of components of fuel 
injector 1, resulting in an enlargement of the distance 
between face 25 of actuator 10 and intermediate plate 7 (e.g., 
when there is a cooling of actuator 10 or of valve needle 5) , 
5 in this exemplary embodiment first pressure plate 21 at 

bearing surface 26 is connected with face 25 of actuator 10, 
and second pressure plate 22 is connected with intermediate 
plate 7. Here, the connection takes place in non-positive 
form, e.g. through gluing, beading (forming a flange or seam), 
10 or welding . 

Elastic casing 20 can be fashioned so as to be multiply 
folded, or with a waved shape. In this way, large temperature- 
caused changes of length of components of fuel injector 1 can 
15 be compensated. 

Figure 2 shows a second exemplary embodiment of the detail 
designated II in Figure 1, in a partial sectional 
representation. In contrast to the first exemplary embodiment, 

2 0 temperature compensation device 3 2 of the second exemplary 
embodiment has, in addition, a return spring 30 provided in 
interior space 34 of housing 33 of temperature compensation 
device 32. (Elements already specified have reference 
characters that agree, so that it is not necessary to specify 

2 5 them again . ) 

In this exemplary embodiment, housing 33 of temperature 
compensation device 32 is loaded with a pre-stress by return 
spring 30, which acts on the two pressure plates 21 and 22. 

30 When there is a temperature-caused change of length of 

components of fuel injector 1, resulting in an enlargement of 
the distance between intermediate plate 7 and face 25 of 
actuator 10, through the pre-stress produced by return spring 
30 an extension of housing 33 of the temperature compensation 

35 is achieved along direction of actuation 23 of actuator 10. In 

this exemplary embodiment, a positively locking connection of 
first pressure plate 21 at bearing surface 26 with face 25 of 
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actuator 10 can therefore be omitted, because a non-positive 
connection of first pressure plate 21 on bearing surface 2 6 
with face 25 of actuator 10 is achieved via return spring 30 
in interior space 34 of housing 33 of temperature compensation 
5 device 32 . Correspondingly, second pressure plate 22 is 

connected with intermediate plate 7 in non-positive fashion, 
but not in positively locking fashion. 



In this exemplary embodiment, second pressure plate 22 has an 
10 opening 31, by which throttle 3 5 is formed in the housing of 
the temperature compensation device. Opening 31 is provided 
outside a bearing surface at which intermediate plate 7 is 
adjacent to second pressure plate 22, so that opening 31 is 
not covered by intermediate plate 7. Moreover, opening 31 
15 faces fuel chamber 16, so that the entry and exit of fuel into 

housing 3 3 of temperature compensation device 32 can take 
place in unhindered fashion when there is a temperature-caused 
change of length of components of fuel injector 1. 

20 Figure 3 shows second pressure plate 22, shown in Figure 2, of 

the second exemplary embodiment. Here, throttle 35 in housing 
33 of temperature compensation device 32 is formed by opening 
31 in second pressure plate 22. Because in this exemplary 
embodiment opening 31 is fashioned with a circular shape, the 

25 cross-section of throttle 35 can be set via diameter d of 
opening 31. 

The present invention is not limited to the described 
exemplary embodiments. In particular, the present invention is 

30 also suitable for an internally opening fuel injector 1. 

Moreover, temperature compensation device 32 can also be 
situated at different positions in fuel injector 1 . . In 
particular, actuator 10 on face 25 can act directly on 
intermediate plate 7, and temperature compensation device 32 

35 can be adjacent to inner surface 11 of valve housing 2 of fuel 
injector 1 with one of pressure plates 21, 22, whereby 
actuator 10 then acts on inner surface 11 via temperature 
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ABSTRACT 

A fuel injector, in particular a fuel injector for fuel 
injection systems of internal combustion engines, has a 
piezoelectric or magnetostrict ive actuator, a valve closing 
element that can be actuated by the actuator and that works 
together with a valve seat face to form a seal seat, and a 
temperature compensation device. The temperature compensation 
device has a housing that is elastically deformable along a 
direction of actuation of the actuator, and has at least one 
throttle that connects an interior space of the housing with a 
fuel inlet of the fuel injector. The cross-section of this 
throttle is dimensioned such that an entry and exit of fuel 
into the housing of the temperature compensation device is 
enabled when there is a temperature-caused change in length of 
components of the fuel injector. 



NY01 492292v1 



1 0 SUBSTITUTE SPECIFICATION 



[10191/2291] 



FUEL INJECTOR 



[Background Information] FIELD OF THE INVENTION 
[The invention is based on a fuel injector of the type 
. indicated in the main claim.] The present inv ention relates to 
a fuel injector. 

5 

[From German Patent 195 00 706 Al , a fuel injector of the type 
indicated in the main claim is known. In this context, a] 
BACKGROUND INFORMATION 

German Patent No. 195 00 706 describes a fuel injector. A 

10 stroke translator or path transformer is provided that 

converts a relatively small regulating distance of the 
actuator, for example a piezoactuator , into a larger stroke of 
the valve needle. Here, the extension of the actuator is 
introduced into an amplification (boost) chamber via a working 

15 piston of the stroke translator, and is transmitted via a 

lifting piston to the valve needle, which executes a stroke 
that is enlarged in relation to the piston surface that limits 
the amplification chamber at the face. In order to compensate 
temperature influences, wear, and manufacturing tolerances on 

20 the regulation path of the actuator, the amplification chamber 
has a defined leakage that is realized by an annular gap 
between the piston and a wall of the valve housing, and that 
has a resistance to flow that is high enough that the 
movements of the actuator are transmitted in essentially 

25 undampened fashion to the valve needle. The fuel itself - 

diesel fuel in the case of German Patent No . 195 00 706 [Al] - 
is used as the hydraulic medium for the stroke translation. 

The fuel injector [known from] described in German Patent No . 
30 195 00 706 [Al] has the disadvantage that, in particular at 

high speeds of the internal combustion engine, a high degree 
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of heat loss occurs in the area of the annular gap, due to the 
frictional forces that occur when the actuator is actuated. 
The load and wear of the piston and of the valve housing wall 
in the area of the annular gap have an adverse effect on the 
functioning of the temperature compensation, and reduce the 
lifespan of the fuel injector. 

Moreover, the [known] conventional temperature compensation 
device has a high constructive expense, which increases the 
manufacturing costs of the fuel injector. A further 
disadvantage is that the leakage defined by the annular gap 
can be modified only by modifying the manufacturing process, 
so that the temperature compensation cannot be adapted to the 
specific requirements of use of the fuel injector. 

[Advantages of the Invention] SUMMARY 

[In contrast, the] The fuel injector according to the example 
embodiment of the present invention [having the characterizing 
features of the main claim] has the advantage that it has a 
wear- free temperature compensation device that has a simple 
design, is easy to install, and can be applied universally. 

A further advantage is that due to the construction of the 
throttle, in particular the cross-section thereof, the 
temperature compensation device can be easily and economically 
adapted to the specific requirements of a fuel injector. 

[Through the measures stated in the subclaims, advantageous 
developments of the fuel injector indicated in the main claim 
are possible. 

It] In the example embodiment of the present invention, it is 

advantageous that the housing of the temperature compensation 
device has a first and second pressure plate, the pressure 
plates being oriented at least approximately perpendicular to 
the direction of actuation of the actuator. This provides an 
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advantageous transmission of the actuating force of the 
actuator on the valve closing element, which works together 
with the valve seat face to form the seal seat . 

5 [it] In the example embodiment of the present in vention, — it is 

advantageous that the housing of the temperature compensation 
device has an elastic casing, connected at its ends with the 
pressure plates. Here it is particularly advantageous that the 
casing is fashioned so as to be multiply folded, or so as to 
10 have a waved shape. This provides a simple and useful 
construction of the temperature compensation device. 

Advantageously, in the example embodi ment of the present 
• invention, one face of the actuator rests on a bearing surface 
15 of the first pressure plate. The direct transmission of force 
of the actuator onto the first pressure plate of the 
temperature compensation device provides a particularly 
advantageous transmission of force. 

2 0 Advantageously, in the example embodiment of the presen t 

invention, the throttle is formed by a recess (opening) in the 
housing of the temperature compensation device. This provides 
a low-maintenance, wear- free, and economical construction of 
the throttle of the temperature compensation device. 

25 

[It] In the example embodiment of the pre sent invention, — it is 
advantageous that the opening is provided in the second 
pressure plate. Because the second pressure plate is not 
elastically deformed, in this way an at least almost constant 
30 throttling of the throttle is provided. 

[It] In the example embodiment of the present invention, — it is 
advantageous that the temperature compensation device has a 
return spring situated in the interior of the temperature 
35 compensation device. In this way, the vacuum unit can be held 
in non-positive contact with the actuator via a spring in the 
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interior of the unit, and in addition with, for example, a 
valve needle or a housing of the fuel injector. 

[Drawing] BRIEF DESCRIPTION OF THE DRAWINGS 
5 Exemplary embodiments of the present invention are represented 
in simplified form in the drawings, and are explained in more 
detail in the following specification. 

Figure 1 shows an axial section through a first exemplary 
10 embodiment of [an inventive] the fuel injector according to 
the present invention. [ ; ] 

Figure 2 shows a second exemplary embodiment of the detail 
designated II in Figure 1 [ ; ] 

15 

Figure 3 shows second pressure plate 22 of the second 
exemplary embodiment . 

[Description of the Exemplary Embodiments] DETAILED 

2 0 DESCRIPTION 

Figure 1 shows, in a partial axial sectional view, an 
[inventive fuel injector 1. In this exemplary] a fuel injector 
1 according to an example embodiment of the present inven tion. 
In this example embodiment, fuel injector 1 is realized as 
25 externally opening fuel injector 1. Fuel injector 1 is used in 
particular for the direct injection of fuel, in particular 
gasoline, into a combustion chamber of a mixture-compressing, 
externally ignited internal combustion engine, as what is 
known as a gasoline direct injector. [Inventive] The example 

3 0 fuel injector 1 is however also suitable for other 

applications . 

Fuel injector 1 has a valve housing 2 that is shown in a 
simplified view. At the end of fuel injector 1 at the point of 
35 injection, valve housing 2 is connected with a valve seat 

element 3 that has a valve seat face 4. Valve seat face 4 
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works together with a valve closing element 6, which can be 
actuated by a valve needle 5, to form a seal seat. In this 
exemplary embodiment, valve closing element 6 is fashioned in 
one part with valve needle 5. Valve needle 5 is connected with 
5 an intermediate plate 7 , on which a closing spring 8 is 
supported. Moreover, intermediate plate 7 enables an 
advantageous transmission of force to valve needle 5. Closing 
spring 8 is supported on the one hand on intermediate plate 7 
and on the other hand on valve seat element 3; in this way, 
10 the seal seat formed by valve closing element 6 and valve seat 

face 4 is loaded with a closing force. 

In the interior of fuel injector 1, there is situated a 
piezoelectric or magnetostrictive actuator 10, supported at 

15 the end of fuel injector 1 opposite the point of injection on 
an interior surface 11 of valve housing 2. Valve housing 2 has 
a circumferential collar 12 in the interior of fuel injector 
1. Collar 12 has an annular bearing surface 13 on which a 
pre-stress spring 14 is supported, through which actuator 10 

2 0 is loaded with a preliminary stress. 

In addition, valve housing 2 of fuel injector 1 has an opening 
15 that forms a fuel inlet for the flow of fuel into a fuel 
chamber 16 of fuel injector 1. In this exemplary embodiment, 
2 5 the fuel inlet is provided laterally on valve housing 2 of 
fuel injector 1. 

In the interior of fuel injector 1, a temperature compensation 
device 32 is provided that includes an elastic casing 20, a 

30 first pressure plate 21, and a second pressure plate 22. Here, 

elastic casing 20 is connected with first pressure plate 21 
and with second pressure plate 22, forming a housing 33 of 
temperature compensation device 32. The connection of elastic 
casing 20 with first pressure plate 21 and with second 

35 pressure plate 22 here seals an interior space 34 (Figure 2) 
of housing 33 of temperature compensation device 32 against 
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fuel chamber 16. 

Housing 33 of temperature compensation device 32 has a 
throttle 35. Throttle 35 can x for example^ be formed by an 
5 opening 31 in elastic casing 20 and/or first pressure plate 21 
and/or second pressure plate 22. Throttle 35 can also be 
formed otherwise, for example by a metallic tube, or by 
chambers in the interior of housing 33 of temperature 
compensation device 32 . 

10 

Throttle 35 provided in temperature compensation device 32 
connects interior space 34 of housing 33 of temperature 
compensation device 32 with fuel chamber 16 with respect to 
fuel inlet 15, so that an entry and exit of fuel into housing 

15 33 of temperature compensation device 32 is enabled. A 

throttling of the entry and exit of fuel into housing 33 of 
tem perature compensation device 32 is set through the 
cross-section of throttle 35. Here, the setting of the 
cross-section takes place such that, given a 

20 temperature-caused change of length of components of fuel 
injector 1, e.g. of actuator 10 or valve needle 5, a 
quasi -static change of length of temperature compensation 
device 32 takes place in order to compensate the 
temperature -caused change in length, and such that in 

25 addition, given an actuation of actuator 10, a change of 
length of temperature compensation device 32 is at least 
approximately omitted (stopped) , so that the change of length 
of actuator 10 that took place upon actuation of actuator 10 
is transmitted to valve closing element 6 . 

30 

Temperature compensation device 32 thus acts as a mechanical 
high-pass filter whose transmission characteristic can be set 
via the cross-section of throttle 35, this setting taking 
place in such a way that a transmission on the time scale of 
35 an actuation cycle of fuel injector 1 takes place in at least 
almost undampened fashion. Temperature compensation device 3 2 
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of fuel injector 1 can therefore be adapted to various demands 
through the cross- sect ion of throttle 35. 

In order to achieve an advantageous transmission of force of 
5 actuator 10 to valve closing element 6, one face 25 of 

actuator 10 is adjacent to a bearing surface 2 6 of first 
pressure plate 21, pressure plate 21 being oriented 
perpendicular to a direction of actuation 23 of actuator 10. 
Moreover, second pressure plate 22 is also oriented 

10 perpendicular to direction of actuation 23 of actuator 10, so 
that a change of length of actuator 10 in direction of 
actuation 23 effects a valve needle stroke of valve needle 5, 
through which valve closing element 6 is lifted from valve 
seat face 4, and the fuel is injected out of fuel injector 1 

15 from fuel chamber 16 via the gap that arises between valve 

closing element 6 and valve seat face 4 . 

So that a corresponding enlargement of housing 3 3 of 
temperature compensation device 32 takes place when there is a 

2 0 temperature -caused change in length of components of fuel 
injector 1, resulting in an enlargement of the distance 
between face 25 of actuator 10 and intermediate plate 7 (e.g., 
when there is a cooling of actuator 10 or of valve needle 5) , 
in this exemplary embodiment first pressure plate 21 at 

25 bearing surface 26 is connected with face 25 of actuator 10, 
and second pressure plate 22 is connected with intermediate 
plate 7. Here, the connection takes place in non-positive 
form, e.g. through gluing, beading (forming a flange or seam), 
or welding. 

30 

Elastic casing 20 can be fashioned so as to be multiply 
folded, or with a waved shape. In this way, large 
temperature-caused changes of length of components of fuel 
injector 1 can be compensated. 

35 

Figure 2 shows a second exemplary embodiment of the detail 
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designated II in Figure 1, in a partial sectional 
representation. In contrast to the first exemplary embodiment, 
temperature compensation device 32 of the second exemplary 
embodiment has^_ in addition^, a return spring 3 0 provided in 
5 interior space 34 of housing 3 3 of temperature compensation 
device 32. ^.Elements already specified have reference 
characters that agree, so that it is not necessary to specify 
them [again.] again. ) 

10 In this exemplary embodiment, housing 33 of temperature 

compensation device 32 is loaded with a pre- stress by return 
spring 30, which acts on the two pressure plates 21 and 22. 
When there is a temperature-caused change of length of 
components of fuel injector 1, resulting in an enlargement of 

15 the distance between intermediate plate 7 and face 25 of 

actuator 10, through the pre-stress produced by return spring 
30 an extension of housing 33 of the temperature compensation 
is achieved along direction of actuation 23 of actuator 10. In 
this exemplary embodiment, a positively locking connection of 

20 first pressure plate 21 at bearing surface 26 with face 25 of 

actuator 10 can therefore be omitted, because a non-positive 
connection of first pressure plate 21 on bearing surface 26 
with face 25 of actuator 10 is achieved via return spring 30 
in interior space 34 of housing 33 of temperature compensation 

25 device 32. Correspondingly, second pressure plate 22 is 

connected with intermediate plate 7 in non-positive fashion, 
but not in positively locking fashion. 

In this exemplary embodiment, second pressure plate 22 has an 
30 opening 31, by which throttle 35 is formed in the housing of 
the temperature compensation device. Opening 31 is provided 
outside a bearing surface at which intermediate plate 7 is 
adjacent to second pressure plate 22, so that opening 31 is 
not covered by intermediate plate 7. Moreover, opening 31 
3 5 faces fuel chamber 16, so that the entry and exit of fuel into 

housing 33 of temperature compensation device 32 can take 



NY01 492437v1 



8 



MARKED UP VERSION OF THE 
SUBSTITUTE SPECIFICATION 



,1 CP Q & «a e 5 7 O 7 Q s a H 



place in unhindered fashion when there is a temperature-caused 
change of length of components of fuel injector 1. 

Figure 3 shows second pressure plate 22, shown in Figure 2, of 
5 the second exemplary embodiment. Here, throttle 35 in housing 
33 of temperature compensation device 32 is formed by opening 
31 in second pressure plate 22. Because in this exemplary 
embodiment opening 31 is fashioned with a circular shape, the 
cross-section of throttle 35 can be set via diameter d of 
10 opening 31 . 

The present invention is not limited to the described 
exemplary embodiments. In particular, the present invention is 
also suitable for an internally opening fuel injector 1. 

15 Moreover, temperature compensation device 32 can also be 
situated at different positions in fuel injector 1. In 
particular, actuator 10 on face 25 can act directly on 
intermediate plate 7, and temperature compensation device 32 
can be adjacent to inner surface 11 of valve housing 2 of fuel 

20 injector 1 with one of pressure plates 21, 22, whereby 

actuator 10 then acts on inner surface 11 via temperature 
compensation device 32 . 
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[Abstract] ABSTRACT 

A fuel injector [ (1) ] , in particular a fuel injector for fuel 
5 injection systems of internal combustion engines, has a 

piezoelectric or magnetostrict ive actuator [ (10) ] , a valve 
closing element [(6)] that can be actuated by the actuator 
[(10)] and that works together with a valve seat face [(4)] to 
form a seal seat, and. a temperature compensation device^ 
10 The [ (32) . 

Here the] temperature compensation device [(32)] has a housing 

[(33)] that is elastically deformable along a direction of 
actuation [(23)] of the actuator [ (10) ] , and has at least one 
throttle [(35)] that connects an interior space [(34)] of the 
15 housing [(33)] with a fuel inlet [(15)] of the fuel 

injector [ (1) , the] . The cross-section of this throttle 

[being] is dimensioned such that an entry and exit of fuel 
into the housing [(33)] of the temperature compensation device 

[(32)] is enabled when there is a temperature-caused change in 
2 0 length of components of the fuel inj ector [ (1 ) ] . 

[ 

(Figure 1) ] 
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FUEL INJECTOR^ 



Background Information 

The invention is based on a fuel injector of the type 
indicated in the main claim. 

5 

From German Patent 195 00 706 Al , a fuel injector of the type 
indicated in the main claim is known. In this context, a 
stroke translator or path transformer is provided that 
converts a relatively small regulating distance of the 

10 actuator, for example a piezoactuator , into a larger stroke of 
the valve needle. Here, the extension of the actuator is 
introduced into an amplification (boost) chamber via a working 
piston of the stroke translator, and is transmitted via a 
lifting piston to the valve needle, which executes a stroke 

15 that is enlarged in relation to the piston surface that limits 
the amplification chamber at the face. In order to compensate 
temperature influences, wear, and manufacturing tolerances on 
the regulation path of the actuator, the amplification chamber 
has a defined leakage that is realized by an annular gap 

2 0 between the piston and a wall of the valve housing, and that 
has a resistance to flow that is high enough that the 
movements of the actuator are transmitted in essentially 
undampened fashion to the valve needle. The fuel itself - 
diesel fuel in the case of German Patent ;195 00 706 Al - is 

25 used as the hydraulic medium for the stroke, translation. 

The fuel injector known from German Patent 195 00 706 Al has 
the disadvantage that, in particular at high speeds of the 
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internal combustion engine, a high degree of heat loss occurs 
in the area of the annular gap, due to the frictional forces 
that occur when the actuator is actuated. The load and wear of 
the piston and of the valve housing wall in the area of the 
5 annular gap have an adverse effect on the functioning of the 
temperature compensation, and reduce the lifespan of the fuel 
injector. 

Moreover, the known temperature compensation device has a high 
10 constructive expense, which increases the manufacturing costs 
of the fuel injector. A further disadvantage is that the 
leakage defined by the annular gap can be modified only by 
modifying the manufacturing process, so that the temperature 
compensation cannot be adapted to the specific requirements of 
15 use of the fuel injector. 

Advantages of the Invention 

In contrast, the fuel injector according to the present 
20 invention having the characterizing features of the main claim 
has the advantage that it has a wear- free temperature 
compensation device that has a simple design, is easy to 
install, and can be applied universally. 

25 A further advantage is that due to the construction of the 
throttle, in particular the cross-section thereof, the 
temperature compensation device can be easily and economically 
adapted to the specific requirements of a fuel injector. 

3 0 Through the measures stated in the subclaims, advantageous 

developments of the fuel injector indicated in the main claim 
are possible . 
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It is advantageous that the housing of the temperature 
compensation device has a first and second pressure plate, the 
pressure plates being oriented at least approximately 
p er p en di cu lar to the direction of actuation of the actuator. 
5 This provides an advantageous transmission of the actuating 
force of the actuator on the valve closing element, which 
works together with the valve seat face to form the seal seat. 

It is advantageous that the housing of the temperature 
10 compensation device has an elastic casing, connected at its 
ends with the pressure plates. Here it is particularly 
advantageous that the casing is fashioned so as to be multiply 
folded, or so as to have a waved shape. This provides a simple 
and useful construction of the temperature compensation 
15 device. 

Advantageously, one face of the actuator rests on a bearing 
surface of the first pressure plate. The direct transmission 
of force of the actuator onto the first pressure plate of the 
2 0 temperature compensation device provides a particularly 
advantageous transmission of force. 

Advantageously, the throttle is formed by a recess in the 
housing of the temperature compensation device. This provides 
25 a low-maintenance, wear- free, and economical construction of 
the throttle of the temperature compensation device. 

It is advantageous that the opening is provided in the second 
pressure plate. Because the second pressure plate is not 
30 elastically deformed, in this way an at least almost constant 
throttling of the throttle is provided. 

It is advantageous that the temperature compensation device 
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has a return spring situated in the interior of the 
temperature compensation device. In this way, the vacuum unit 
can be held in non-positive contact with the actuator via a 
spring in the interior of the unit, and in addition with, for 
5 example, a valve needle or a housing of the fuel injector. 

Drawing 

Exemplary embodiments of the present invention are represented 
10 in simplified form in the drawings, and are explained in more 
detail in the following specification. 

Figure 1 shows an axial section through a first exemplary 
embodiment of an inventive fuel injector; 

15 

Figure 2 shows a second exemplary embodiment of the detail 
designated II in Figure 1; 

Figure 3 shows second pressure plate 22 of the second 
20 exemplary embodiment. 

Description of the Exemplary Embodiments 

Figure 1 shows, in a partial axial sectional view, an 
25 inventive fuel injector 1. In this exemplary embodiment, fuel 

injector 1 is realized as externally opening fuel injector 1. 

Fuel injector 1 is used in particular for the direct injection 

of fuel, in particular gasoline, into a combustion chamber of 

a mixture-compressing, externally ignited internal combustion 
30 engine, as what is known as a gasoline direct injector. 

Inventive fuel injector 1 is however also suitable for other 

applications . 
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Fuel injector 1 has a valve housing 2 that is shown in a 
simplified view. At the end of fuel injector 1 at the point of 
injection, valve housing 2 is connected with a valve seat 
element 3 that has a valve seat face 4 . Valve seat face 4 
5 works together with a valve closing element 6, which can be 
actuated by a valve needle 5, to form a seal seat. In this 
exemplary embodiment, valve closing element 6 is fashioned in 
one part with valve needle 5. Valve needle 5 is connected with 
an intermediate plate 7, on which a closing spring 8 is 

10 supported. Moreover, intermediate plate 7 enables an 

advantageous transmission of force to valve needle 5. Closing 
spring 8. is supported on the one hand on intermediate plate 7 
and on the other hand on valve seat element 3; in this way, 
the seal seat formed by valve closing element 6 and valve seat 

15 face 4 'is loaded with a closing force. 

In the interior of fuel injector 1, there is situated a 
piezoelectric or magnetostrict ive actuator 10, supported at 
the end of fuel injector 1 opposite the point of injection on 
20 an interior surface 11 of valve housing 2. Valve housing 2 has 
a circumferential collar 12 in the interior of fuel injector 
1. Collar 12 has an annular bearing surface 13 on which a pre- 
stress spring 14 is supported, through which actuator 10 is 
loaded with a preliminary stress. 

25 

In addition, valve housing 2 of fuel injector 1 has an opening 
15 that forms a fuel inlet for the flow of fuel into a fuel 
chamber 16 of fuel injector 1. In this exemplary embodiment, 
the fuel inlet is provided laterally on valve housing 2 of 
3 0 fuel injector 1. 

In the interior of fuel injector 1, a temperature compensation 
device 32 is provided that includes an elastic casing 20, a 
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first pressure plate 21, and a second pressure plate 22. Here, 
elastic casing 20 is connected with first pressure plate 21 
and with second pressure plate 22, forming a housing 33 of 
temperature compensation device 32. The connection of elastic 
5 casing 20 with first pressure plate 21 and with second 

pressure plate 22 here seals an interior space 34 (Figure 2) 
of housing 33 of temperature compensation device 32 against 
fuel chamber 16 . 

10 Housing 33 of temperature compensation device 32 has a 

throttle 35. Throttle 35 can for example be formed by an 
opening 31 in elastic casing 20 and/or first pressure plate 21 
and/or second pressure plate 22. Throttle 35 can also be 
formed otherwise, for example by a metallic tube, or by 

15 chambers in the interior of housing 33 of temperature 
compensation device 32 . 

Throttle 3 5 provided in temperature compensation device 32 
connects interior space 34 of housing 3 3 of temperature 

20 compensation device 32 with fuel chamber 16 with respect to 

fuel inlet 15, so that an entry and exit of fuel into housing 
33 of temperature compensation device 32 is enabled. A 
throttling of the entry and exit of fuel into housing 33 of 
temperature compensation device 32 is set through the cross- 

25 section of throttle 35. Here, the setting of the cross- section 

takes place such that, given a temperature-caused change of 
length of components of fuel injector 1, e.g. of actuator 10 
or valve needle 5, a quasi -static change of length of 
temperature compensation device 32 takes place in order to 

30 compensate the temperature-caused change in length, and such 
that in addition, given an actuation of actuator 10, a change 
of length of temperature compensation device 32 is at least 
approximately omitted (stopped) , so that the change of length 
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of actuator 10 that took place upon actuation of actuator 10 
is transmitted to valve closing element 6 . 

Temperature compensation device 32 thus acts as a mechanical 
5 high-pass filter whose transmission characteristic can be set 
via the cross-section of throttle 35, this setting taking 
place in such a way that a transmission on the time scale of 
an actuation cycle of fuel injector 1 takes place in at least 
almost undampened fashion. Temperature compensation device 32 
10 of fuel injector 1 can therefore be adapted to various demands 
through the cross-section of throttle 35. 

In order to achieve an advantageous transmission of force of 
actuator 10 to valve closing element 6, one face 25 of 

15 actuator 10 is adjacent to a bearing surface 26 of first 
pressure plate 21, pressure plate 21 being oriented 
perpendicular to a direction of actuation 23 of actuator 10. 
Moreover, second pressure plate 22 is also oriented 
perpendicular to direction of actuation 23 of actuator 10, so 

20 that a change of length of actuator 10 in direction of 

actuation 23 effects a valve needle stroke of valve needle 5, 
through which valve closing element 6 is lifted from valve 
seat face 4, and the fuel is injected out of fuel injector 1 
from fuel chamber 16 via the gap that arises between valve 

25 closing element 6 and valve seat face 4. 

So that a corresponding enlargement of housing 3 3 of 
temperature compensation device 32 takes place when there is a 
temperature-caused change in length of components of fuel 
3 0 injector 1, resulting in an enlargement of the distance 

between face 25 of actuator 10 and intermediate plate 7 (e.g., 
when there is a cooling of actuator 10 or of valve needle 5) , 
in this exemplary embodiment first pressure plate 21 at 
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bearing surface 26 is connected with face 25 of actuator 10, 
and second pressure plate 22 is connected with intermediate 
plate 7. Here, the connection takes place in non-positive 
form, e.g. through gluing, beading (forming a flange or seam), 
5 or welding. 

Elastic casing 20 can be fashioned so as to be multiply- 
folded, or with a waved shape. In this way, large temperature- 
caused changes of length of components of fuel injector 1 can 
10 be compensated. 

Figure 2 shows a second exemplary embodiment of the detail 
designated II in Figure 1, in a partial sectional 
representation. In contrast to the first exemplary embodiment, 

15 : temperature compensation device 32 of the second exemplary 
embodiment has in addition a return spring 3 0 provided in 
interior space 34 of housing 33 of temperature compensation 
device 32 . Elements already specified have reference 
characters that agree, so that it is not necessary to specify 

2 0 them again. 

In this exemplary embodiment, housing 33 of temperature 
compensation device 32 is loaded with a pre-stress by return 
spring 30, which acts on the two pressure plates 21 and 22. 

25 When there is a temperature -caused change of length of 

components of fuel injector 1, resulting in an enlargement of 
the distance between intermediate plate 7 and face 2 5 of 
actuator 10, through the pre-stress produced by return spring 
30 an extension of housing 33 of the temperature compensation 

30 is achieved along direction of actuation 23 of actuator 10. In 
this exemplary embodiment, a positively locking connection of 
first pressure plate 21 at bearing surface 26 with face 25 of 
actuator 10 can therefore be omitted, because a non-positive 
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connection of first pressure plate 21 on bearing surface 26 
with face 25 of actuator 10 is achieved via return spring 3 0 
in interior space 34 of housing 3 3 of temperature compensation 
device 32 . Correspondingly, second pressure plate 22 is 
5 connected with intermediate plate 7 in non-positive fashion, 
but not in positively locking fashion. 

In this exemplary embodiment, second pressure plate 22 has an 
opening 31, by which throttle 3 5 is formed in the housing of 

10 the temperature compensation device. Opening 31 is provided 

outside a bearing surface at which intermediate plate 7 is 
adjacent to second pressure plate 22, so that opening 31 is 
not covered by intermediate plate 7. Moreover, opening 31 
faces fuel chamber 16, so that the entry and exit of fuel into ■ 

15 housing 33 of temperature compensation device 32 can take 

place in unhindered fashion when there is a temperature -caused 
change of length of components of fuel injector 1. 

Figure 3 shows second pressure plate 22, shown in Figure 2, of 
2 0 the second exemplary embodiment. Here, throttle 3 5 in housing 
33 of temperature compensation device 32 is formed by opening 
31 in second pressure plate 22. Because in this exemplary 
embodiment opening 31 is fashioned with a circular shape, the 
cross-section of throttle 35 can be set via diameter d of 
2 5 opening 31. 

The present invention is not limited to the described 
exemplary embodiments. In particular, the invention is also 
suitable for an internally opening fuel injector 1. Moreover, 
30 temperature compensation device 32 can also be situated at 
different positions in fuel injector 1. In particular, 
actuator 10 on face 25 can act directly on intermediate plate 
7, and temperature compensation device 32 can be adjacent to 
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inner surface 11 of valve housing 2 of fuel injector 1 with 
one of pressure plates 21, 22, whereby actuator 10 then acts 
on inner surface 11 via temperature compensation device 32. 
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What is claimed is: 

1. A fuel injector (1), in particular an injector for fuel 
injection systems of internal combustion engines, having a 
5 piezoelectric or magnetostrict ive actuator (10) , a valve 

closing element (6) that can be actuated by the actuator (10) 
and that works together with a valve seat face (4) to form a 
seal seat, and having a temperature compensation device (32) , 
wherein the temperature compensation device (32) has a housing 

10 (33) that is elastically deformable along a direction of 

actuation (23) of the actuator (10) , and has at least one 
throttle (35) that connects an interior space (34) of the 
housing (33) with a fuel inlet (15) of the fuel injector (1), 
the cross-section of this throttle being dimensioned such that 

15 an entry and exit of fuel into the housing (33) of the 

temperature compensation device (32) is enabled when there is 
a temperature -caused change in length of components of the 
fuel injector (1) . 

20 2. The fuel injector according to Claim 1, 

wherein the housing (33) of the temperature compensation 
device (32) has a first pressure plate (21) and a second 
pressure plate (22) , the pressure plates (21, 22) being 
oriented at least approximately perpendicular to the direction 

25 of actuation (23) of the actuator (10) . 

3. The fuel injector according to Claim 2, 

wherein the housing (33) of the temperature compensation 
device (32) has an elastic casing (20) that is connected at 
30 its ends with the pressure plates (21, 22) . 

4. The fuel injector according to Claim 3, 

wherein the casing (20) is fashioned so as to be multiply 
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folded, or with a waved shape. 

5. The fuel injector according to one of Claims 2 to 4 , 
wherein one face (25) of the actuator (10) is adjacent to a 

5 bearing surface (26) of the first pressure plate (21) . 

6. The fuel injector according to one of Claims 1 to 5, 
wherein the throttle (35) is formed by an opening (31) in the 
housing (33) of the temperature compensation device (32) . 

0 

7. The fuel injector according to Claims 2 and 6, 
wherein the opening (31) is provided in the second pressure 
plate (22) . 



15 8. The fuel injector according to one of Claims 1 to 7 , 

wherein the actuator (10) acts on the valve closing element 

r 

(6) via the temperature compensation device (32) . 



9. The fuel injector according to one of Claims 1 to 8 , 

2 0 wherein the temperature compensation device (32) has a return 

spring (30) situated in the interior space (34) of the 

temperature compensation device (32) . 
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Abstract 

A fuel injector (1) , in particular a fuel injector for fuel 
injection systems of internal combustion engines, has a 
5 piezoelectric or magnetostrict ive actuator (10) , a valve 

closing element (6) that can be actuated by the actuator (10) 
and that works together with a valve seat face (4) to form a 
seal seat, and a temperature compensation device (32) . 
Here the temperature compensation device (32) has a housing 

10 (33) that is elastically deformable along a direction of 

actuation (23) of the actuator (.10) , and has at least one 
throttle (35) that connects an interior space (34) of the 
housing (33) with a fuel inlet (15) of the fuel injector (1) , 
the cross-section of this throttle being dimensioned such that 

15 an entry and exit of fuel into the housing (33) of the 

temperature compensation device (32) is enabled when there is 
a temperature-caused change in length of components of the 
fuel injector (1) . 

20 (Figure 1) 
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COMBINED DECLARATION AND 
POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below 

adjacent to my name. 

I believe I am the original, first and sole inventor (if only one name is listed 
below) or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention 
entitled "FUEL INJECTOR", and the specification of which: 

[ ] is attached hereto; 

[ ] was filed as United States Application Serial No. on 

, and was amended by the Preliminary 

Amendment filed on ._, . 

[X] was filed as PCT International Application Number 
PCT/DE00/02801, on the 17 th day of August 2000. 
[X] an English translation of which is filed herewith. 
I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal 
Regulations, §1 .56(a). I hereby claim foreign priority benefits under Title 35, United 
States Code § 1 19 of any foreign application(s) for patent or inventor's certificate or of 
any PCT international applications(s) designating at least one country other than the 
United States of America listed below and have also identified below any foreign 
application(s) for patent or inventor's certificate or any PCT international application(s) 
designating at least one country other than the United States of America filed by me on 
the same subject matter having a filing date before that of the application(s) of which' 
priority is claimed: 



± o o & «3 e 5 „ o 7" o e as 



PRIOR FOREIGN/PCT APPLICATION(S) 

AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. $119 

Country : Germany 

Application No. : 199 39 133.5 

Date of Filing: August 18, 1999 

Priority Claimed 

Under 35 U.S.C. §119: [X] Yes []No 

I hereby claim the benefit under Title 35, United States Code § 120 of any United 

States Application or PCT International Application designating the United States of 

America that is/are listed below and, insofar as the subject matter of each of the claims 

of this application is not disclosed in that/those prior application(s) in the manner 

provided by the first paragraph of Title 35, United States Code § 112, I acknowledge 

the duty to disclose material information as defined in Title 37, Code of Federal 

Regulations § 1 .56(a) which occurred between the filing date of the prior application(s) 

and the national or PCT international filing date of this application: 

PRIOR U.S. APPLICATIONS OR 
PCT INTERNATIONAL APPLICATIONS 
DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 120 

U.S. APPLICATIONS 

Number : 

Filing Date : 

PCT APPLICATIONS 
DESIGNATING THE U.S. 

PCT Number : 

PCT Filing Date : 

I hereby appoint the following attorney(s) and/or agents to prosecute the 
above-identified application and transact all business in the Patent and Trademark 
Office connected therewith. 
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(List name(s) and registration number(s)): 



Richard L. Mayer, 
Gerard A. Messina, 



Reg. No. 22,490 
Reg. No. 35,952 

Reg. No. 

Reg. No. 



All correspondence should be sent to: 



Richard L. Mayer, Esq. 

Kenyon & Kenyon 

One Broadway 

New York, New York 10004 



Customer No v 26646 




Telephone No.: (212) 425-7200 
Facsimile No.: (212) 425-5288 



I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 
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Full name of inventor Wolfgan g RUEHLE- 

1^5^ inventor's signature Date 

Citizenship German . 

Residence Steinstr. 22 

71254 Dilziagm 

Federal Republic of Germany 

Post Office Address Same as above 
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Full name of inventor Hubert STIER 
Inventors signature 
Citizenship German 



Residence Lindenweg 1 1 
71679 Asperg 

Federal' Republic of Germany 
Post Office Address Same as above 



^Av-U^it!\» Date ju^o » W K 
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Full name of inventor MatthiasJ3QEE 



Inventor-s signature ^Uz-K^V ^ Date io/^/oV 



Citizenship German 

Residence Hoernleshalde 3 ^ 
71640 Ludwigahucg 
Federal Republic of Germany 



Post Office Address Same as above 
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Full name of inventor 



Inventor's signature 




CfffO L 



Citizenship German h 

Residence Knappenweg 46 *s 
70569 Styttgart 
Federal Republic of Germany 

Post Office Address Same as above 
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Jfr Inventor's signature Uftxkyt f/frJiM Date _^t^r 2 OTTL 



Citizenship German 

Residence Traminer Weg 10 S> 
74369 Lo.ec.bgau 
Federal Republic of Germany 

Post Office Address Same as above 
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